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SPECIFICATION 
TITLE OF THE INVENTION 
HYBRID DRIVE DEVICE 

FIELD OF THE INVENTION 

This invention relates to a hybrid drive device combining an 
engine and an electrical motor as the prime mover for a vehicle. 

BACKGROUND OF THE INVENTION 

1 A hybrid drive device is known in which an electrical motor is 

driven to operate a vehicle with the electrical power generated by a 
g JeTator which is driven by an engine. A hybrid ^ 
exhaust emission performance and vehicle fuel economy by use of tins 
type of drive device. ko+^tv a 

Many sucn KyW drive * ^J^^" 

ZZ^^^^ - 

characteristics, desired fuel economy performance ™^«™J^ 
regeneration of braking energy is not realized. RegeneraUon of brakmg 

component life of the battery is short. This m turn 
component running costs. __^_^ CTma> . Pu | pn< . 
\J ' , rinvp device in whictuar^oiiaenser u 
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/<P ' X 1994 discloses a hybrid drive device 
required capacity-^T drive me vcmv. 

exc-d^Umited storage space available m the vehicle. This 
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SUMMARY OF THE INVENTION 



dev^ z^ztztt r bject of providin8 a ^ d - 

generator A .T , eieCt " Cal power gyrated by a 

the present invention is to provide a hvbrid driv / I ' ^ ° f 

which stores generated ^1^^ 
electrical motor which is driven u,r +u i • g ene rator, and an 

condenser cell, tta ^.ZTh" C ° nneCted """^ to «** 
- respective '^^J^l^^^^' ™ ^ 

or the leal^ge c~ r ; f T n h Whe H 1116 ^ ° f ^ el ~™<= capaci^ 

cons M of toe volt 4 v ^ att :: n •jsrurr.s 

fs e poTsi M d e OWnSiZinS ° f COndOTSer Sn «»™ ° f 

sw"co:v*nT s ; h : inve t n b on ' tte storagc devi ~ * ~ 

out™,, h ! nverter ' The Pitching converter has fixed current 

b2 o: n : C rlT StiCS Md COntr ° IS 3 ° hargin8 ™< » *• " 
source w^ V T ^ " Ch "» ed * * ™^ge power 

source with half the charging power being lost as heat which results 

onT ra rr Ce d betWeen ** POW " ™~ - d -denser L 

con Z 'the Tha" 8 t0 C PreSem inVenti ° n - &e ™er 
controls the charging power to the condensers with a fixed current 





cu^r,; £\* reSUlt ' Wh6n Ch3rgin8 iS I**™*! with a large 

current which is generated by the electrical motor during regeneration 
of bra^ng energy a high charging efficiency of greater than 0"^ 
90/0 ls achieved This therefore results in conspicuous improvement to 
fuel economy performance of the drive device 

charae ^OCm" TT " "* & ^ Md itS «f 

cnarge (SOC) is obtained accurately from its voltage it „ v, 

perform effective control of the generator based on *e t eToh^ 
Furthermore since the charge/discharge cycle life of a condensertZ, 
component repiacement is not required for long periods of time 
» to say, running costs are considerably lower than those associated 
with a secondary battery. associated 

h k •„ Th u- hybrfd driVC deWce describe d above can be adapted to a 
hybnd vehicle. The hybrid vehicle comprises generator which is drL 

gen'ator^d" ^7' ^ ^ ^ * 
generator and an electrical motor which is driven with the electrical 

power of fte storage device and/or the electrical power of the gene^te 

and which drives the drive wheels of the vehicle. The hybrid veh cle Z 

conTe ^ t " SWitChing C ° men "- * ™> —r -d a 

ibot z T h r r, vided as a storage deviee in — ~ « 

l t f ■! y Veh ' Cie fUrther com P^- - controller which detects a 
state of charge of the storage device and the required drive power of ie 
vehicle and which contro.s the generated amount of power J Z 
switching converter and the engine. 

The controller controls the switching converter so that a motor 
output i S obt ^ ned wMoh correspQnds to ^ - 0 

Furthermore the controller controls the engine, that is to say, the 
generated amount of the generator so that the state of chaL is 
maintained to a suitable value. In this manner, it is possSe 
maintain a suitable state of charge under normal conditions alth ugh 
thetove device always outputs a drive force which is required by the 

cutout^? 1101 '' ^ SWit ° hing C ° nVerter dis P la y s voltage 
output characteristics having a wide operating range corresponding to 
cond ch cs , n wh;ch ^ term;nai raitage ^ P ^ J 

stored 1* 7 ^ d ' SCharge - ThiS ™« <*W«* use of 

stored electrical power. Since the electrical power of the condenser is 



proportional to the sanarp «f +u <. 

switching convener ^ *" — * * ^ 

to 75% of the stored power can be used Oth ° UtpUt TOit ^- up 
converter functions up to 1/4 of Z 21* * «» Aching 

*e stored power can be used ^LT > V ° Itage ' UP l ° 94% ° { 

power utiHzation efficiency even ^ZVY^ * * 
current during acceleration oltte ^ ,Z 1^1- * ^ 

the switching converter in „. 7 contr ° Uln S the operation of 

vehicle. n rCSPOnSe t0 *** P°«™r requirements of the 

Furthermore mounting of the hvhrirf . 
facilitated since the weight and T, , fa a vehicle is 

reduced by adapting ele T ,^ ^ ° f Stora « e d <=™« are 
large ^UT^^^ ~~» « — has a 

BRIEF DESCRIPTION OP THE DRAWINGS 
inventio^^ ™ " " " ^ ™ 

device. F ' 8 ' 2 " 8 SChematiC ° f - -bodiment of the storage 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

fa ve„tio?apU:d\raTytrId d ^r T « *" ~ 

shaft of the generator ™ ™ flgure - a drive 

13 used for ^T^^TT^ * ^ ^ « "» 

generator !4 is convent t0 alTZZT™ * ** 

output as a charging current tn (l 7 3 oonverter 15 and 

Mow. MternatSy "ITis T t **" " ^ " de « albed 
electrical motor 10. PUt 33 3 dl<Ve Curra » to &e 

shafts 18-^™ 19 " T Vided betWee " ' eft - d ^ «*° 

output shjts oTa gearToxTa": ^ WheeIS 9 ' ^ 

the input shaft J ' ^^1^ ""f 1 ? * 

16 is connected to a drive shaft of the , ^ ? °< gear box 

anve shaft of the electncal motor 10. The e ear hov 
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16 reduces the rotation speed of the electrical motor 10 to a fixed gear 
ratio, and transmits these rotations to the propeller shaft 17 The 
electrical motor 1 0 is driven by an AC current from an inverter 1 1 The 
output of the electrical motor 10 is transmitted to the drive wheels 9 via 
the gearbox 16, the propeller shaft 17, the differential gear 19 and the 
axle shafts 18. 

The storage device 12 comprises a condenser bank 20 formed by 
connecting a plurality of condenser cells 21 in series to as shown in Fig 
2 parallel monitors 22 which are respectively added to each condenser 
cell 21, and a bi-directional switching converter 23 which controls 
charging/ discharging of the condenser bank 20. 

The parallel monitor 22 is a circuit which monitors the terminal 
voltage of the condenser 21 and in which a current flows so that the 
condenser 21 is bypassed when a condenser terminal voltage exceeds a 
fixed value. The parallel monitor 22 is attached to each condenser cell 
21. The parallel monitor 22 and the condenser cell 21 are connected in 
parallel. 

The switching converter 23 has fixed current output 
characteristics when controlling the charging current to the condenser 
bank 20 and fixed voltage output characteristics in a wide operating 
range when controlling the discharge current from the condenser bank 
20. The switching converter 23 controls the discharge current with a 
controller 24 in response to the drive force required by the vehicle The 
required drive force is represented by the depression amount of the 
accelerator pedal for example. 

An electrical double-layer condenser with a large electrostatic 
capacity is used as the condenser cell 2 1 . Although one condenser cell 
has a small dielectric voltage, the required dielectric voltage is obtained 
by connecting a plurality of such cells in series. Many condenser cells 
21 may be connected in series-parallel as a condenser bank 20. 

The controller 24 controls the regeneration of braking energy 
and the drive force of the vehicle. The state of charge (SOC) of the 
storage device 12, the braking state, and the depression amount of the 
accelerator pedal of the vehicle are input as required detection signals 
for the controller 24 to perform various types of control. 

This type of structure allows the storage device 12 to be charged 
with electrical power generated by the electrical motor 10 during 
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regeneration of braking energy or with excess electrical power of the 
generator 14. The stored electrical power is supplied to the electrical 
motor 10 when a large amount of power is required during vehicle 
acceleration or the like. The condenser 21 reduces the terminal voltage 
towards a value of zero as power is discharged. However the switching 
converter 23 which has a wide operating range controls the discharged 
power with fixed voltage output characteristics. As a result, it is 
possible to use the stored power of each condenser 21 with high 
efficiency. 

For example, if the switching converter 23 functions up to 1/2 of 
the rated output voltage, up to 75% of the stored power can be used. 
Otherwise if the switching converter 23 functions up to 1/4 of the rated 
output voltage, up to 94% of the stored power can be used. Thus it is 
possible to obtain a high power utilization efficiency even when 
performing discharge of a large current such as during acceleration or 
the like by controlling the operation of the switching converter 23 in 
response to the drive power requirements of the vehicle. 

The stored power Ec of the condenser 21 is expressed by the 
following Equation (1): 



Ec = 1/2 CV2 (l) 

, where C is electrostatic capacity and V is voltage. 

When the condenser is charged by a fixed voltage power source, 
the power Ep is expressed by the following Equation (2): 

Ep = QV = CV 2 (2) 

, where Q is the electrical charge. 

ggke-fatte-Be /E p o f th e chargi ag-yower Ep a n d t h e -steredpoggpg" 
Ec, that is to say, the charging ratio is 50% from Equatiorxs^iyarid (2). 
Since the condenser is not a fixed voltagedeyice-stlch as a secondary 
battery, when charged by a Qx^d^oits^half the charging current is 
lost as heat due to resistsfiicrcomponents between the condenser and 
the battery . Jif^ontrast, the switching condenser 23 in the present 
embodjir^nt controls the charging current to the condenser 2 1 to a 
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with—a-i ai - gc curr cn L g e n er at e d by thc -- eleiui ic d n iuLuj^lO^^geg- 
regeneration of braking energy, ajiigji__char^^ greater 
than or eg^X^LQ-90%-^s-xfbtsuS^drar^ it is possible to increase fuel 
^^^ gr f^ a nr P by rng n n n r a tion of br o king energy. 

In comparison to connecting the condenser directly to the load, 
for example, in order to assist the battery during peak output, current 
fluctuations are reduced when the charging current is controlled with a 
bi-directional switching converter 23. A condenser is obtained with an 
energy density which is greater than 10 to 15Wh/kg by using an 
activated carbon electrode which maintains the electric charge and by 
increasing the thickness of the electrodes through allowing increases in 
the internal resistance of the condenser. Since a large electrical 
double-layer condenser with a large electrostatic capacity is thus used 
as a condenser 21, the storage device 12 can be downsized to a weight 
and a volume which is easily stored in the limited space available in a 
vehicle. 

According to this embodiment, since respective parallel monitors 
22 are provided in each condenser 21, it is possible to perform 
equivalent charging or discharging operations on each condenser 21 
irrespective of variations in the leakage current and the electrostatic 
capacity of each condenser 21. As a result, since it is not necessary to 
allow for a voltage leeway with respect to the dielectric voltage in 
consideration of the voltage variation between condensers 21, several 
tens of percent downsizing of condenser in terms of electrostatic 

capacity is possible. 

Once charging has been completed to a voltage level at which the 
parallel monitor 22 operates, charging/ discharging to each condenser 
21 starts from the voltage level. As a result, since opportunities to 
operate the parallel monitor 22 during charging or discharging are 
naturally reduced, power loss resulting from the parallel monitor 22 
bypassing the current is reduced. 

It is desirable for the hybrid vehicle drive device to perform 
control operations on the charging/ discharging amount of the storage 
device 12 so that the state of charge SOC is normally in a suitable range. 
Although a lithium-type battery allows relatively accurate determination 
of the state of charge SOC on the basis of the battery voltage, in general 
many types of secondary batteries do not allow highly accurate 
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determination of the state of charge SOC as a result of being fixed 
voltage devices. In contrast, since a condenser has the relationship of 
the state of charge SOC to the voltage as defined by Equations (1) and 
(2), it is possible to perform accurate detection of the state of charge 
SOC from the voltage. Thus according to the present embodiment, the 
state of charge SOC of the storage device 12 can be accurately analyzed, 
and it is possible to control the operation of the engine 13 which drives 
the generator 14 accurately. As a result, it is possible to improve the 
performance characteristics and the fuel economy of the vehicle. 

Since the cycle life concerning the charging/ discharging of the 
condenser 21 is longer than a general vehicle cycle life, it is almost 
never necessary to replace the condenser 21 during the life of the 
vehicle. That is to say, the condenser 21 entails much lower running 
costs for the drive device in comparison to a secondary battery. When 
the input voltage range of the inverter 1 1 is wide, it is possible to use a 
switching converter without fixed voltage output characteristics with 
respect to charging. 



